Differed intracellular interaction networks between LeuT and ApcT
In LeuT, the protein region containing position 7, in the 7/86 pair (see main text), is involved in the functional mechanism of the transporter, as demonstrated by the role of the highly conserved Trp8 (in Nterminal loop, NT) in the conserved interaction network that includes Ile187 (in intracellular loop 2, IL2) and Tyr268 (IL3) at the intracellular face (1) . Tyr268 also forms cation-π and ionic interactions with residues Arg5 (NT) and Asp369 (TM8), thus bringing together NT with IL2 and IL3 so as to close the transport pathway at the intracellular surface of LeuT (see Supplementary Figure 5 in (2)). Mutation of the homologous interaction network in other NSS has been inferred to promote inward-open conformations (1).
Notably, ApcT does not have an interaction network in the intracellular region that corresponds to the one identified in LeuT (1). Nevertheless, an outward rearrangement of TM1a similar to that observed in LeuT is also observed in ApcT when comparing the structures with Lys158 deprotonated and protonated. The absence of a stabilizing network in ApcT suggests a reason for the difference in the energetic aspects of these changes in the intracellular region. These differences are reflected in the need to apply external forces (as in SMD) to overcome the energy barriers to significant conformational changes in LeuT (2, 3) , while the segment rearrangements in ApcT can be achieved by changing the protonation state of Lys158 in the comparative MD simulations. Thus, even the extended MD simulations in the 600 ns range in the absence of Na + were not sufficient to induce large conformational changes in LeuT without the application of steering forces (SMD). In contrast, the conformational changes in ApcT happen relatively fast in the MD simulation. It is of interest, therefore, to observe that in the crystal structure of ApcT (4) a detergent molecule (D10) is present at the intracellular ends of TM1a and TM5 and appears to stabilize a more "closed" orientation than that observed in the MD simulation, in the absence of the strong intrinsic interaction network equivalent to the LeuT network in this region (Fig. S4) .
Preparation of simulation systems and the simulation procedures.
The LeuT simulation system and protocols were described previously (2, 3) . Briefly, the starting systems were from the LeuT crystal structure (5), with residues that were not resolved in the crystal structure added with Modeler (6). All the water molecules were retained in the full-length LeuT model building. The simulated systems with the transporter molecules immersed in explicit water-lipid bilayer-water solvent models were constructed with VMD (7) and equilibrated with NAMD (8). The transporter model was first immersed in a previously equilibrated rectangular patch consisting of ~200 POPC molecules, one 10Å layer of water on each side, and Na + and Cl -ions corresponding to a concentration of 150 mM NaCl (a total of ~80,000 atoms).
During the equilibration of the protein in its environment, the backbones were initially fixed and then harmonically constrained, and water was prevented from penetrating the protein-lipid interface. Constraints were then released gradually. The all-atom simulations used the CHARMM27-CMAP force field with improved backbone treatment (9, 10) . Constant temperature (310 K) was maintained with Langevin dynamics, and 1 atm constant pressure was achieved with the hybrid Nosé-Hoover Langevin piston method (11) applied to a flexible periodic cell, with orthogonal pressure components computed independently to account for system anisotropy. Long-range electrostatic effects were evaluated with Particle Mesh Ewald. A time step of 1 fs was used for the first 30 ns and was then increased to 2 fs for the rest of the simulation.
For ApcT, the simulation utilized the WT crystal structure (pdb code: 3GIA) (4). The immersion of the protein into the explicit water-lipid bilayer-water solvent was carried out with Desmond/System Builder (12), with the orientation in the membrane taken from Orientations of Proteins in Membranes (OPM) database (13) . The lipid bilayer includes ~150 POPC molecules; the water phase includes Na + and Cl -ions corresponding to a concentration of 150 mM NaCl; the entire system comprises ~66,000 atoms. The all-atom OPLS_AA force field was used throughout. The protein-membrane relaxation was carried out with a protocol modified from that developed by Schrodinger Inc. (Desmond 2.2, Schrodinger, Inc., New York, NY). This protocol is divided into several stages -minimization, heating, lipid and then protein equilibrations with strong constraints on protein backbone, and finally protein relaxation with gradually reduced constraints. Specifically, we used semi-isotropic pressure treatment instead of the isotropic one in the NPT stages as in the original protocol. In the following production runs, a constant surface tension of 4000 bar Å was applied. The values are the averages of last 30 ns of indicated MD trajectories. Interestingly, the trend of dihedral angles changes of the Na2 coordinating residues (Val23 in LeuT and Ile22 in ApcT) before and after the carbonyl flipping are similar; however, in LeuT, the flipping has stronger impact on the N-terminal residue Ala22, while in ApcT, the φ of Gly23 is altered most significantly. Figure S1 . The conserved Thr and Asp residues in SERT (A) and DAT (B) are involved in forming the Na2 sites. Note that the involvement of these residues in forming the Na2 site is specific to the eukaryotic NSS and not seen in the prokaryotic LeuT. In our simulations, subtle differences are observed as well between DAT and SERT, e.g., that Thr284 in SERT interacts directly with Na2, whereas the corresponding Thr269 in DAT forms an H-bond with Asp421. The preparation and MD equilibration of the homology model of DAT was described previously (14) . The homology model of SERT was built in the same way and the same protocol as for DAT was used for the MD simulations with SERT. Figure S2 . Evolution of distances near the Na2 binding site (local) and at the intracellular face (global) observed in MD simulations of ApcT (solid lines) and LeuT (dotted lines). The two upper panels compare the evolution of Cα-Cα distances between the Na2 coordinating residues in TM1 and their TM5 interacting residues illustrated in the manuscript Fig. 2 for ApcT (top) and LeuT (bottom). The third panel compares the distance changes (Cβ-Cβ) that represents more global rearrangements, i. e., between NT-TM1 (residue 6) and IL1 (residue 82) in ApcT, to those of the corresponding residues in LeuT, residues 7 and 86 (data from (2) As demonstrated by previous experiments, the presence of Na + would stabilize the transporter in an inwardclosed conformation, while the absence of Na + steers the conformation towards the inward-open state (15, 16) . Note that due to the strong intracellular interaction network discussed above, in the no-Na/nosubstrate configuration, we have not reached an inward-open state at 600 ns. The lower panel compares the evolutions in the steered transition to inward-open state (red line) and in the equilibration of the occluded state (blue line). It is intriguing that the presence of substrate in the primary binding site, which stabilizes the transporter in the occluded state, renders the Phe203 χ1 rotamer distribution oscillating between trans (180) and gauche (300), while in the inward-open state, the trans rotamer is coordinated with the outwards swinging of TM1a, as observed in the no-Na/no-substrate configuration. 
